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SUMMARY
A theoreticalsolutionispresentedforthebuckling6tresses
oflongplateswithtransversecurvatureloaded.inshearandlongi-
tudinaldirectstress.Thetheoreticalcritical-6tressccxabinations.
forplateshavingeitherstiplysupportedorclampededgesaregiven
infigures andtablesanda cgmparis~ismade%~tha previoustheo-
reticalsolutionforsimplysupportedplates.
Inthecompressionrangetheoreticalcurvesareunsuitablefor
useindesignbecauselongplateswithsubstantialcurvatureloaded
inaxialcompressionbuclcJeatstressesthataremuchlessthanthe
theoreticalvaluesofcriticalstress.An investigationwasthere-
foremadetodetenuinetheuodiffcaticmsrequiredtomakethetheo-
reticalcurvescompatiblewiththeavailablee~erimentaldatafor
platesinaxialcompression.Interactioncurvesbaseduponthis
investipjationareprovisionallyrecczmnendedforuse in design.Both
theoreticalagdsuggesteddesigncurvesme essentiallyparabolas,
a circumstance%Mchpermitsimpleapproximateinteractionformulas
tobegiven.
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INTRODUCTION
,,. . >.
.’
Theoreticalsolutionstoa number”ofproblemsconcernedwith
thedeterminationofthecriticalstresseswhichcauselongcurved
platestobucklehavebeenpresentedinvariousinvesti~ti.ons.In
references1 to3 shearaloneacti~cm,bothsimplysupportedand
clampedplatesisinvestigated)inreferencesk and~ directaxial
c.oppression.alonectingonbothsimplysupportedandclampedplates
iqinvestigated;andinreference6 the-criticalmzibinations“of
shearand,@tiectaxialstressforsimplysuppo:tedplatesonlyare8 @.ven. :
Thepresentpaperdeals~th thedeterminationofthecombi~-
ttonsofshearanddirectaxialstress.whichcameplateswitheither
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simylysupp~tedorclampededgestobuckle(appendixA). The
presentsolutionaswellasthesolutionsofreferences1 to 6 is
baseduponthesmall-deflectionheo~y.Ascurvedplatesloadedin
axialcompressionmaybuckleata stressmuchlessthanthetheo-
reticalvalue,thetheoreticalinteractioncurvesofre’feience6 and
thepresentpapermustbemodifiedinthecompressionrangeforuse
indesign.
Aninvestigationwasthereforemadeofavailablee~erimental
dataonthocriticalstressesoflongplateswithtransversecurva-
tureloadedinaxialcompression(appendixB),andapproximateinter-
actioncurvesincorporatingtheseresults.weredevelopedandare
provisionallyrecommendedfordesignp~oses. Theresultsofthe
~resentanatisiswe @ven Intheformof
andformulas.
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SYMBOLS
widthofplate
Integers
radiusofcurvatureofplate
thicknessofplate
displacementofpoint
(x-)direction
disulacmentofpoint
onmedian
onmedian
~erential(y-]directicm
displacementofpointonmedian
direction;positiveoutward
.-
axialcoordinateofplate .
tables,interactioncurves,
1
—.
l
surfaceofplateinaxial
surfaceofplateincircwn-
—
surfaceofplateinradial
circumferentialcoordinateof@ate
flexuralstiffnessofplateperunitlength
()
Et3
,. 12(1-U2)
Young’smodulusofelasticity
mathematicaloperatordefinedinappendixA
NACA~~0. 1347 3
z
an, bn
k~
.
%
%
(%}th
WJ*Q
(%)th
Vmzwm.
$=:
?8
P
a
x
T
curvatureparameter
coefficientsofdeflectionfunctions
.?
,. k#%
shear-stresscoefficientappearinginequation7 = —
b2t
direct-axial-stresscoefficientappearinginequa-
kx#D .—
tion ax= —
b2t
diagonalelementinstabilitydeterminant
theoreticalshear-stressratio(ratiofshearstress
presentotheoreticalcriticalshearstressinabsence
ofotherstresses)
empiricaldirect-axial-stressratio(ratiofdirect
axialstresspresentoempiricalcriticaldirect
&ial stressinabsenceofotherstresses)
,.
theoreticaldirect-afial-stressratio(ratiofdirect
axialstresspresentotheoreticaldirectaxialstr&
inabsenceofotherstresses)
deflectionfunctionsdefinedM appW.dixA ,.
,.
halfwavelengbhofbuckles inaxialdirection
Poisson’sratio ‘“
-.
directaxialstressinplate
shearstressinplate ,.,. ...
.,._ _—
-.
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.
V-4= inverseof ++, definedby v ()-4V4V= w
RESUUIWANDDiscussion
Theoreticalresults.-Thecombinationsfshear
whichcauselongplateswithtransversec~vatureto
obtainedfromtheequations .:
/.#D ,
~2t
. .
—
andaxialstress
bucklemaybe
u
whenthestresscoefficientsk8 and ~ areknown.Theij,heo-
reticalcombinationsofstresscoefficientsforplateswithsimply
supportedgesandclagpededgesaregivenbytheinteractioncurves
offifg.wes1 and2}reayectively.Inthesefigures,thedashedcurves
for Z = O areflat-platesolutionsobtainedfromreference7..
hi figures1 and2 interactioncurvesarepresentedfor various
valuesofthecurvatureparameterZ UTto30? Theinteraction
cw”vesarevery~earlyparabolaspassingthroughthepointsgivirxg
thecriticalstresscoefficientsforshearaloneandforaxialstress
alone.Thesestresscoefficientsforanytialueof Z my beobtained
fromthetheoreticalcurvesoffigures3 and4,whichincorporate
resultsderivedinreference3 andinappendixA ofthepresent
paper.Additionalcalculationsmadeforcurvedplatcmbothwith
simplysupportedandwitholampededgesindic@etha_tforallvalubs
of Z uptoatleast1000theinteractioncudvesoontinuetobe
approximatelyparabolas(computedvaluesgivenintable1). These
resultsareconfirmedforsimplysupportedplatesbytheresults
giveninreference6.
)hl@ricalresultsanddesigncurves.-ReferencQ8 shornthat
curvedplatesinshearbuckleatstressesclosetothetheoretical
.—
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criticalstresses.Phtesofmoderateorhighcurvatureinaxial
compression,however,buckleatstressesmuchlessthanthetheo-
reticalcriticalstresses.(Seereferences9 toU.) Thetheo-
reticalinteractioncurvesaretherefores riouslyunconseuvative
forplatesofmoderateorhi@ curvaturewhenappreciablecompression
ispresentandarethusUns-titablsforuseintkedesignofsuch
plates.Thisdiscrepancybetweentheactualandthetheoretical
compressivestressesisbelieved,tobeduetononlineareffectswhich
arenotaccounted.forinthesmall-deflectionheory.TheTraction
ofthetheoreticalcrt-ticalstressatwhichtheseeffectsassume
importanced pendsupontheinitialeccentricitiesoftheplate:
Becausetheratior/t isa rou~measureoftheinitialeccen-
tricitieslikelytobepresentinyracticalconstruction,theavailable‘-
e~erimentalcriticalcompressivestresseswereplottedinseparate ‘--
groupsaccordln~tothevalueof r/t oftheplateanda separate
curvewasfaired.througheachgroup.(SeeappendixB.) Theresults
aresmmarizedinfigure5. ..Thempiricalcurveshavethesame
generaltrendasthe-theoreticalcurvesandat
approachstraightlinesgivenapproximatelyby
Q=,@.68 )- o.000~z..
high valuesof Z
theformula
,,
forvalues”ofr/t between~00.and1000.(Seeappendix.)
ThetrueInteraction.curvefora @ven curvedplatemnetpass
thzzought eexpertientalpolntforpureccmprpssion,whichcanbe
obtainedfromfigure52andalsothroughthee~erimentalpointfor
pureshear,whichfallssli,ghtlybelowthetheoreticalvalueindi-
catedinfigure3. Becausetinesmall-deflectionheorygivesfairly
accurateresultsexceptinthepresenceofsubstantialaxialcom-
pression(reference12),thetheoreticalcurvemustbeapproximately
correctinthetensionandpartofthecmnpressionrange.Thetrue
interactioncurveIsthereforepresumablysomewhatlikethedashed
curveinfigure6. Theabsenceofex@rimentaldatadoesnotpermit
accurateplottingofthiscurve;thereforeanapproximated sign
curveconsistingoftwoparts(asfndfcatedinfig.6) is s~ested.
Onepart,applyingtothecompressionrange,istheparabolapassing
throughthepointscorrespondingtotheexperimentalcriticalcan-
pressivestressandthetheoreticalcriticalshearstress(obtained
fromfigs.5 and3, respectively).Theseconflpart,applyingtothe
tensionrange,isthetheoreticalcurvewhichisessentiallythe
parabola~assingthroughthepointscomespondingtothetheoretical
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criticalstressinpurecaqressionandpureshear(obtainedfrom
figs.4 and3, respectively);. .
IXTE!MOTIO??F RMULAS
Thetheoreticalinteractioncurvefora long platewithtrans-
verse curvatureloadedinshearandlongitudinal direct dress is
verynear&a par’abolapassingthroughthetheoreticalpointscorre-
spondingtoshearaloneandtoaxialcompressionalone.Thisparabola
maybeexpressedinstress-ratioformby.thequation
&)th2+(RX)th=1
Aslongplateswithtransversecurvatureinaxialcompression
buckleata stressconsiderablylessthanthetheoreticalcritical
stress,thetheoreticalinteractioncurveisunsuitablefordesign
purposeswhenevera substantial. mountofcompressionispresent.
Intheabsenceoftestdataoncurvedplatesbucklingundercombined
shearandcompression,a interactioncurvecbmposedoftwopartsis
provisional~recommendedfordesi~. Thisinterac@oncurveis
describedbythe,followingequations:Forcombinedshearandcom-
pression, ‘ .. .
. .
(il)w’‘ (Rx)eq=1,
—
.
<
.
.
..
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and.forcombinedshearandtension,
(R.)%:+(%c)th
LangleyM’&norialAeronauticalLaboratory
NationalAdvisoryCommitteeforAe~onautice
LangleyField,Va.,March20,1947
,.. , .
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Equationofequilibri~.-Theccmbinationsofshearanddirect
axialstresstiichcauselongcurvedplatestobucklemaybeobtained
bysolvingthefollowingeqtitionofequilibrium(reference13):
DV4W+~ V-4
~z
wherex and y arethe
figure:
in the followingcoordinatesindicated
Divisionofequation(Al)by D gives
.
(A2)
.
.—
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wherethedimensionlessparametersZ, ks, and ~ =medefined.by
rtb2ks=—
Y&l
axtb2
%==
Equation(A’2)canberepresentedby
,,. Qw=O (A3)
whereQ isdefinedbytheoyeratcx?
,.. ... ..... . .. -. -,,
~k + 12z2v-4i3~. ‘# a21 .. .fi232. :,-,,. . — + .g)~= — +,
#“””” ‘a& ~2 ax& %:’~ .
k??th@ ofsolution.-Theequationofequilibriummaybesolved
byusingtheGalerkinmethodas
1?
veninreferencelkc Intheappli-
cation-ofthismethodjequation~) issolvedbytheuseofa suitable
seriese~ansionfor w asfolloim:
.
+O-’m+‘j-Jiwm
I&l m=
Ine~ession(A4)thefunctionsVl,V2,. . .
individuallysatisfythebomdaryconditionson
.
‘y andWI,W2,s c cWJ
w butneednotsatisfy
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theequationofequilibrium.Thecoefficients~ and ~ are
thendeterminedbytheequations
‘bm/’[VnQwdxdyn O00
1/b2L WnQwdxdy= O0 0 “
.1”
—
wheren = 1,2, 3,. ..J.
Theboundaz-gconditionsconsideredinthepresentTaperareas
8*Wfollows:fors~plysu~ortededges,w= ————=U=Oand viEi
3Y2
awunrestrained;andforclamped.edges,’W. — ~ v = O and u is
by
unrestrained.
Solution.forplqteswfthsimplysupportedges.-Thefollowing
infiniteseriesexpansion,wihichincorporatesa eetoffunctionsthat
iscomplete(subjecttothelimitationfperiodicitywithwave
length2L Inwe longitudinaldirection),canbeusedtorepresent
exactlythedisplacementw ofcuYvedplateswithsimplysupported
edges: :.. —..
. . .
.
Inaddittontosatisfyingtheconditionson w attheedges,expres- .
sion(A6)alsosatisfiestheconditionsthatth6axialdisplacementu
isequalto O and,thecircumferentialdisplacementv isunrestrained
attheedges(seereferenceI-2).Expression(A6)isequivalentto
e~ression(Ah)if
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(A7)
Substitutionofe~ressi~ (A6)and(A7)intoequations(A5)
andintegrationoverthelimitsindicatedgive
8kJJ m+—
Ic z%37=-=”
md n2- m2
where m * n isoddand
(A8)
Equations(A8)havea solutioninwhichthecoeffici~tsan
andthecoefficientsbn arenotallze?oonlyiftinef’ollotig
detemainantofthecoefficimtsof an
a % vafisie~:
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Bya rearrangementof’rowsaqdcolumns,theinfinitedeterminantCXUI
befactoredintotheproductoftwomutuallyccnzivalmt+lnfiniteeubdeter-
minants@ Theresulti~gequation,whichdet&m&esthecritioalstress
co?ib@ations,i
al b2 a3 b4 a~ %6 bl
o
0
0
0
0
0
.
l
l
l?3
o
0
‘o
o
0
0
l
l
l
o
g
5
.
b5
o
0
0
0
0
0
l
.
.
0
10
z
o
g
9
a2
o
0
0
0
0
0
9
.
.
.-?
~
k~2
6
a4.
o
0
0
0
0
0
l
.
4“
-13
0
-1~
7
Et6
o
0
0
0
0
0
l
*
6“
“E
o
2--3
0
-g
U
-
.0.
l *.
. . .
.,*
..0
.*,
. . .
,..
. . .
.**
. . .
.9*
.**
.
.
l
l **
,.,
*9*
l S*
l .*
L-1
n=’
l’1=3
Ik4
rk5
n=6
9
.
l
Zkl
n=2
n=3
l’k4
n=~
n=6
l
l
*
$% -: 0 -g 0
6
--5
0
1~
‘1
0
.
.
l
0
Q
0
0
0
0
.
.
.
9
0
l
.
l
o
0
0
0
0
0
.
.
*
i
.
l
.
0
0
0
0
0
0
.
.
#
30
z
.
l
l
o
0
0
0
0
0
.
l
9
%!6,..%35
l
.
.
0
0
0
0
0
0
l
*
*
l
.
l
o
0
0
0
0
0
.
l
w
.
l
.
:0
Alo)
l *e 0
4
l **-—15
*.* o.
.
2 -32 Ao --3° u ~6 **”
6’
l “” -3%
, *
l .
8 l
. , l l .9
* l , . l *
* * * . . .
14 NACA~NO* 1347
Thefirstapproximation,btaSnedfra the
minant(upperleft-handcorner of eitherof’the
minants),isgivenby
second-orderter-
infinitesubdeter-
(All)
The secondamroximation,obtainedfrom the third-order deter-
minant,is given 13y , -
Thethirdapproximation,btainedi%om
minant,isgiventy
(A12)
thefourth-orderdeter-
.
Eachoftheseequationsshowsthatfora selectedvalueofthe
curvaturepcuxmleterZ thecritical,combin.ationofstresseswhich
willcausea longcurvedplatetobuckle dependsupofithewave
length.Sincea structurebucklesattheloweststressat~ihich
instabilitycanOCCW, ks isminimizedwithrespect to the wave
lengthbysubstit%ingvaluesof 9 intoequations(ml),(AU),
or(A13)fora chosenvalueof ~ untiltheminimumvalueof k~
cm’beobtainedfroma plotof k~ a&inst ~. Table1 presents
theccmqmtedInteractiondata;theresultsaresubstantiallythe
sameastheresultsofreference6*
Inordertodeterminethecriticalstresscoefficientsforthe
bucl@.ingofa longcurvedplateloadedinaxialcompressionalone,
equation(.410)issolvedbysettin~ke equal.tozero, In the
resultantequationallthooff-diagonaltermsareequaltozero.
Thesolutiontothisequationis
.
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For theminimumvalueofthestresscoefficientthatsatisfiesqua-
tion(Alh),therelationship
Ml=O @t5]
nuwtbe~atisfied.Thevalueof ~ givenbyequation(&U.’j)1s
(F’+1)2+M@@%%= ~2 3-+(B2+1)2 (+u6)
Equation(A16)showsthatthebucklingstressisa functionof
thewavelengthofthebuckleandtheminimumvalueof ~ isfound
by minimizing k+ withrespecto f3ina mannersimilartothat
usedtofindtheminimumvalueof k~ inequations(All)to (AI.3).
Figure4 givesthecriticalaxial-cmnpressive-stresscoefficients
forlongcurvedplateswithsimplysupportedges~theresultsare
thesameastheresultspresentedinreferencek forplateswith
simplysupportedges.
Sohrbionforplateswithdampededges,-A proceduresimilarto “
thatusedforplateswithsimplysupport@.edgesmaybefollowedfor
longcurvedplateswithclampededges.Thedeflectionfunctionused
is the followingseries: ,..
—_
m
w.sin.EH~Cos (m- l)w - co.(m+ 1)~A m=l b b 1
16
~A TNNol X347
Eachtermofthisseriesatisfiestheconditionson w atthe
e&gesandinadditiontheconditionsthattheaxialdisplacementu
i~unrestraimxlanatheci.rcumfermtial.displacamntv is’equal
to O attheedges(seereference13).Ihthiscase,
[
Vn=Sirl=cos (n-l)3fy
1
. C.*“~
h b b
(J@)
[ 1wn=Cofi=cos (n“ ‘)~ . COSI!L02Z~“ b b
“
where”n=l,2,3. i .
“ Afteroperations mrrespondingto those csxried out for the
case of simplysupportedcages are perfcn-med,thefollowingsimul-
taneousequationsresult:
.
..-
.,
.
For n=l
mz{ -(m-1)2 (m+l)2 -al{% +@ -a% + k~
Jm=2,4)6b (m-1) 2-4+ (in+ l)2-4 ‘0
Forn=2 “
[ 1a2@,+M3)-a&+k6~bm ‘m-1)2 - ‘M-1)2 - ‘m+1)2 +–k& .OM=1,3,5(m-1)2-l (IU-1)~-9 (~+1)2.~ (m+~)2.9For n=3,4,’5,...
41@n-1+%+1) “an-#n-l-%+2%+1
m
Z[+ k~ bm
~ .(M- 1)2 (m-1)2 (m+ 1)2 (m+ 1)2
- 1*1(m-1) 2 -(n-1)2 (m-1)2-(n+l)2 (m+l)2-,(~-l)2+(m+1)2-(~+1)2=
wherem * n iso&l.
For llul
!b+,~ +~) - b$.$ -“kB : ~r-(m-1)2+ .(m+N2 1=0m=’i?,4)6 (m- 1)2 -4
Fw nu2 J(m+l)2-4--
(111- 1)2
—..
(m+ 1)2 1(m+1)2~(m-1)2-g (rn+l)2-l+(m+~)p -9”=
- k8
q
(m- 1)2 (m- 1)2 (m+ 1)2 (m+ 1)2 1_lam(m-1)2(n-l)a-(~-l)a-(~+l)z-(m+l)p-(~ l)2+ 2=
18 . NAMm NOl 1347
—
TheMlnite determinantformedbyequations(A19)canberemran~ed
soastofactorintotheproductoftwomutuallyequivalentinfinite sub-
determinants,as1.thesolutionfor long curved@Aes withsimplysup-
ported
oneof
L-1
n=2
11=3
n.4
L-5
>6
edges,Thecriticalstresscombinationsareobtainedbypermitting
thesubd.eterminantstovanish.TheresultantequationIs
al b’ a3 bk a5I
0 32.—., ,315
0 .*,
9440
--& ,.*
l . l b l l .
l * l l * a
b e * . * l
.
.0
I
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Thefirstap?roximatd.ontoequation(A26),obtainedfromthe
second-orderdeterminant(upperleft-handcornerofequation(MO)),
isgivenby
‘:= ($(~fo ‘“,)(”l ‘“3) (A21)
I
Thesecondapproximation,btainedfromthethir~-orderdeter-
minant,isgivenby
(“1+qj+w’b)(%+%)-%’] (A22)
‘:=($(.2 +%) -($(%)% + (%$(% ‘~)
Thethirdapproximation,btainedfromthefourth-orderdeter-
minant,isgivenby
‘Ef@x’$g)-(%)(%y-’:{(’&)i’’$+wl+%)
.,
+
+
.
+
(%y(~‘“2)(M3+“J
(Ey(% “4)(”3 ‘%) -
+ (%5)%1+’3)(%+%)
($%3%(”’+”3)
[W(M2+%) +%qfq”’ +%) +W,] = 0 (~23)
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Theseequationsaresolvedfor
ina mannersimilartothatusedin
curvedplateswithsimplysupported
valuesof j3intoequations(A21),
valuesof Z betweenO and30 .
theproblemofthebucklingof
ge~-thath, by substituting
(A22),or (A23)for eachvalue
of Z anda givenvalueof ~ untilthe~nimumvalueof ks i.s
obtainedfrm a plotof ~ againstcorrespondingvalues of k~. As
thevalue of Z increases,thehigherFouriercomponentsofthe,
buckledeformationincreaseinrelativeimportance,andinsteadof
determinantsintheupperleft-handcornerdeterminantsfartherdown
theprincipaltiagonalare used.Thecomputedinteractiondataare
presentedintable1.
b ordertodetermine,thecriticalstresscoefficientsforthe
bucklingof.along”curvedplateinaxial.compression,equation(A23)
iSsolved%ysettingke equaltozero.The,~olutji&
[%(% +%)”+ M2Mqplp, + M,)+%]=
thenis
G (A@})- -
Equation(A24)issolvedina mannersimilartothatusedfor
theproblemofthebucklingofa curvedylatetithsimplysupported
edgesunderatialcompression-that1s,bysubstitutihflvalues
of ~ intoequation(A24)untiltheminimumvalue of ~ isfound
fromaplotof kx against~. l?~jure4 givesthecriticalaxial-
compressive-stresscoefficientsforlongcurvedplateswithclamped
edges,andthesevalues areinsiiostantialagreementwiththeresults
yresentedinreference7 forylatesoflowcurvaturewithclamped
edges.
. ..
.
.
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DETERMINATIONOFEMXTXICALCURVESFORBUCKLING
~ LONGPLATESWITHTR&WVERSECURVATUI@ I
LOJUX3Dm Ax1411C!OMRESSION .—
Curvedplatesloadedinaxialcompressionbuckleatloadswhich
aremuchlowerthanthosepredictedbytheory(seereferences9
to U). M ordertodeterminetheloadsatwhichactualcurved
p~teswould.bucKLeanempiricalinvestigationwascarriedout.
Whenplateshaveappreciablecurvature,thocriticalcompres-
sivestressesarevirtuallyindependentofthefatiooftheaxial
lengthtothecircumferentialwidthoftheplates,ifthisratiois‘“
greaterthanabout1. Thetestdataobtainedin variousinvesti-
gationsforthebucklingofcurvedrectangularpanelshavinga ratio —
ofaxiallengthtocircumferentialwidth~eaterthen1 wereplotted
infiguxes7 and8 byusin~theparametersofthesmall-deflection
theory.Thesefigureshowthatastheradius-thicknessratioof
theplatesincreasesthebucklingstressesdecrease.A seriesof
curvesdependingupontheratioofradiustothicknesswasthere-
foredrawnthroughtheaverageofthetestpo~ts;thesecurvesgive
thecompressive-lxzcld.ing-stresscoefficientsforactualcurvedplates,
-.
Athighvaluesof Z thecurvesapproacha seriesofstraight
lineswhichareparalleltothetheoreticalcurve.These-straight
linesarefunctionsof r/t andmaybeapproximatedbytheequa-
tion~= CZ whereC isa functionof r/t expressedbythe
equationC = 0.68- 0.000+. Thisezqressionfor C, plottedin
t
fi~e 9,wasobtainedf?x?me~erjmentalresultsgiven~“figures-7
and8. As Z decreasesandapproacheszero,theempiricalcurves
approachthevalueof k . 4 whichisthetheoreticalcompressive-Y
stresscoefficientforthebucklingofflatplateswithsimplysup-
portededgesloadedinlongitudinalcompression.(Seecurvesfor
stmpl.ysupportedplatesinfig.4.) Theempiricalcurvesoffigures7
and8maythereforeb used’todeterminethecompressivebuckling
stressesofcurvedplatestithsimply supyortedges.
.
Inordertodeterminethestressesthatcausecurvedplates
withclampededgestobucKLe,itisnecessarytomodifythectuwes
offigures7 and8. Thelongitudinalloadswhichcausebucld.ing
arepracticallyindependentofedgerestrainta largevaluesof Z.
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(See fi~.k.) Flatplateswithclampededgesload@.longitti.~1~
willalsobuckleata stresswhichagreescloselywiththetheo-
reticallypredictedvalue(reference1~).Thecurvesoffigures7
and8 arethereforemodifiedforcurvedplateswithclampededges
byfairingsmoothtransitioncurvesbetweenthetheoreticalvalues
atlow
values
of z.
values of thecurvatureparameterZ andtheempirical
establishedforthebucklingofcurvedplatesathighvaluea
Theresultsareshownasdashed.curvesinfigure7.
—
.—
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THEORETICALCOMBINATIONSOFSKEAR-SI!NU3SANDDIREOT-AXIAL-Sf!RIMS
comIcIENrsANDcoREws@oNDrNGVUs OF pe
First I Second,1 Thirdz kx approximateion approximationapproximateionf
k~ p2‘ ~
s
p2 k~ P2
Curvedplateiwith.simplysupportedges
!
5 -3 7.80 0.38 7~35. 0.45 7.34
6.67
0l47
-1 .47 6.34 .52 ------ ----
1 5.34 .60 5.13 .63 ----- ----
3.60 .76 3.52 .78 ----- ----
2 2.35 ..90 2.33 lw ------ ----
k.76 .265 1.0 .265 1.0 .-.-- F---
10 -4 8.95 .28 8.45 .34 8.458.08 l33“2 *30 7.63 939 7.63 ‘.405.92 l41 . 5.67 *47 --.-- ----
:’ 4.55 l53 . ;.g l57 ----- ----5 3.71 .60 .64 ----- ----6 2.65 “73 2161 l75 ----- ----7.03 .56 4 .98 .56 .98 ---.- ----
30 -5 12.58 *10 11.94 u .92 l12
1.1.73 l11 IJ.18 :E ------ ----
‘; 9;58 l12 9.24 l12 ----- ----10 ;.~ l12 7..60 ,12 ----- ----15 ‘m12 5,58 *12 ----- ----
~8 3:98 .12 3*95” l12 ----- ----
21 ~ l55 l12 l53 ,la ----- ----
lco -10 21.&) .03 20061 l04 20.61 .04
-5 20.7 l03 19.83 .03 ----- ----
20 16.54 .03 16.04 l03 .---” ----
12l57 .03 12.35 .03 ----- ----
: 10.13 .03 10,04 .03 .---- . ..-7.15 .03 7*11%5 *03
----- ..-.
1*% lO3 ~“b ,03 -.--- ----
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TABLE1 - continued
THEORETICALCOMBINATIONSFGKEAR-SITU?SSANDDJRECT-AXIAL-SZR?XSS
COEFFICIENTSANDCORRIXWONDINGVALUESOF ~2--Continued
First Second Third
appro~tiofi approximationapproximateion
z %
k~ P* k~ P2 ke P2
I Cuxvedplateswithsimplystippcwtededges
300.
—.
1000
-1oo
-30
5:100l~o
210
-200
o’
200 ‘
2;,
700
42.$)
38.8
34.34
29.50
24.10
17.3
1,8
——
72.062.6
52.0
3995
22.6
3.6
0*O1
;01
.01
.01
.01
.01
.01
.003
.003
0’003
.003
:003
.003
40*5636.w
23.60
17.3
1.8
68.67
60.16
50~5-38.7
22.4..
3.6
0001
.01
.01
lO1
lOI
.01
.01
—.
.003
.003
l003
.003
.003
.003
Curved.plateswithclampedod.ges
-50
1
;
77.09
-6
0
2
4
6
7*5
7*97
12.78
9*59
8,88
0
14,23
10l468,94
7.20”
5.06
2.730
1003
1.41
1*W
1.75
2*OO2.28
2430
12.11
9.34
8.6&
7.1’5
5.15
1.09
-----
1.2,
1.5
1.6
1,8
2.1
2.3
..----
1.10
1.56
I.&
2.07
2.352.58
2.75
“13.14
10.008.69
7.12
;.())
.
1.26
“1.67
1,80
2,08
2*35
2.60
I I----- -----
40.53
.“---
-----
-----
-----
-----
-----
68.55
60.0350.34
--.”.
--..-
-.---
11*91ti”---
-. -.”
.,----
-----
---,--
-----
------
-...-.
. . . . .
-----
-----
-----
-----
0.01
.. . ..
“.. .-
-----
.--”.
.-.--
. . . . ..-
—.
.003
.003
.003
.--. ”
-----
------
1.23
. .. ----
-----
-----
---.-
.*---
-----
.—
“----
-----
-----
-.-.-
--.”-
-----
..----
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TABLE1 - Concluded
THEORETICALCOMBINATIONSOFSHEKR--SS ANDDTRECT-AXIKG-SZREES
comIcIENTsANDcomSPOND&GVALUESm B2 -Concluded
First Second Third
z kx approximateion approximationapproximation
k~ P* ks p2 % p2
(hu-ved.plateswithclampededges
20
-7 17,la 1*3O 14.84 l.~ ----. ----
0 u2.69 1.92 11.49 2.00 ----- ----
n .96 2.05 10.93 2.13 ----- ----
; 8.65 2.50 8.= *,@ ----- ----
7 6.62 3.00 6.5z 2.95 ----- .-. .4.00 3.34 3.98 3.36 .--.- ----
:.14 0 3*75 ----- ---- ----- ----
30 -15 38.92 2.00 23.85 1.65 23.22 1.800 28.23 3.32 18.44 2.65 18.D 2.7’5
5 23.86 4.2Q 16.21 3.25 ----- ----
10 18.93 5.20 13.64 .4.20 .--.- ----
15 13.32 6.50 10.51 5.50 “...-. ----
18 9.50 ;.4$ 8.18 6.70 ----- ----
21 493 4.72 8.35 ----- ----
22.39 0 9:44 -...-- ---- ----- ----
1000 105 .25 92.5 ,54 ----- ----&? 97*5 .22 78 .56 ----- ----Wo $x3 .24 68.5 .62 62.5 1.4
.
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Figure 1.- Theoretical combinationsof stress coefficients for long
plates withtransverse curvaturehavingsimply supportededges
1 loadedinshearanddirectaxialstress.(Curvefor Z = O1
obtainedfromreference7.)
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Figure2.- TheoreticalcombinationsofstresscoeHicientsforlong
plateswithtransversecurvaturehavingclampededgesloadedin
shearanddirectaxialstress.(Curvefor Z = O obtainedfrom
reference7.)
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Fimre 3.- Theoretical critical-shear-stress coefficients for long
~plates withtransverse curvaturehavingeither simply supportedor
clamped edges.
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Figure4.- Theoreticalcompressive-stresscoefficientsfor long
plateswithtransversecurvaturehavingeither simplysupportedor —
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Designandtheoreticalcompressive-stresscoefficients
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Figure6.- Comparisonoftheoreticalinteractioncurve,probable
emp’lricslinteractioncurve(exactlocationsomewhatuncertsh),
andempiricalinteractioncurverecommendedfordesignofcurved
platesbucklingundercombindactionof@ compressiona d
shear.
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Figure7.- Testpointsanddesigncurvesfor plateshavingradius-
thicknessratiosof 500and1000comparedwiththeoreticalcurve
for plateswithsimplysupportededgesloadedinaxialcompression.
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Figure8.- Testpointsanddesigncurvefor plateshavingradius-
thicknessratioof 700comparedwiththeoreticalcurvefor plates
withsimplysupportededgesloadedin axialcompression.
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Figure9.- Empiricalcoefficientforcomputingcompressivestrength
oflongplateswithtransversecurvaturehavingmoderateandhigh
valuesof Z.
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